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ABSTRACT 
Background: Enteropathogenic Escherichia co/i (EPEC) is a 
major cause of acute diarrhea in developing countries, and the 
clinical manifestations associated with this organism may be 
more severe than previously believed. 
Objectives: To compare the prevalence and clinical manifesta- 
tions of acute diarrhea caused by EPEC to that caused by 
other enteric pathogens. 
Methods: During a 2-year period, 200 infants under 2 years of 
age with acute diarrhea lasting less than 6 days were com- 
pared to 40 healthy infants (controls) matched for age. The 
nutritional status and the occurrence of food intolerance were 
examined. The patients were followed for 4 weeks after dis- 
charge from hospital. Stool samples were obtained for detec- 
tion of bacterial, viral, and protozoan enteric agents. 
Results: EPEC was isolated from 84 (42.0%) children with diar- 
rhea and from 9 (22.5%) healthy children (P < 0.05). Food intol- 
erance was a major complication and the most important factor 
associated with persistent diarrhea found in children with EPEC 
diarrhea. In children with EPEC diarrhea, compared to children 
with diarrhea caused by other pathogens, failure to respond to 
oral rehydration therapy occurred three times more frequently 
(P < O.Oi), and the mean duration of the disease was 11.7 
days and 7.1 days, respectively, in the two groups (P < 0.05). 
Conc/usions: Enteric infections caused by EPEC are common 
in weaning infants in low income families in Brazil and are asso- 
ciated with significantly more prolonged symptoms and fre- 
quent complications compared to acute diarrhea caused by 
other common enteric pathogens. 
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Enteropathogenic Escherichia coli (EPEC) is an impor- 
tant cause of acute diarrhea among infants in developing 
countries.1~2 The disease is characterized by watery diar- 
rhea of varying degrees of severity, and in serious cases 
the fluid loss may resemble that of classic cholera.? Acute 
diarrhea induced by EPEC strains is also associated with 
persistent diarrhea in up to 30% of the cases, which, in 
turn, can lead to nutritional complications.* 
These microorganisms are able to tightly adhere to 
the apical portion of the enterocyte, causing severe mor- 
phologic derangements of the small bowel mucosa.5,6 
Enteropathogenic E. coli strains are able to adhere to 
human intestinal mucosa, inducing typical histologic 
changes, called the attaching and effacing (A/E) lesion.’ 
The A/E lesion involves dissolution of the brush border 
membrane and loss of microvillus structures at the sites 
of bacterial attachment.8 The occurrence of A/E lesions 
is associated with fluid secretion and derangement of the 
digestive-absorptive enzymatic processes that are respon- 
sible for the persistence of diarrhea and malabsorption 
of nutrients.9 Malabsorption of nutrients and severe mal- 
nutrition have been reported in infants with chronic diar- 
rhea due to various EPEC serotypes.“,” 
Despite worldwide recognition of the importance of 
this enteric infection, there are few studies that report 
clinical and epidemiologic aspects of the disease or a 
long-term follow-up of infants suffering from EPEC gas- 
troenteritis. This report presents the epidemiologic and 
clinical aspects of EPEC gastroenteritis in a group of 84 
infants in Brasilia, Brazil, under 2 years of age, and their 
follow-up characteristics over a period of 4 weeks. 
SUBJECTS AND METHODS 
Patients and Definitions 
During a period of 1 year, 200 children under 2 years of 
age with acute diarrhea lasting less than 6 days were 
consecutively studied. The infants were treated in the 
emergency room of the Hospital Regional da Asa Norte 
de Brasilia, Brazil. 
Diarrhea was defined as the excretion of three or 
more liquid stools during the 24 hours before admission, 
with or without vomiting. Clinical history and physical 
examination were performed before the patients were 
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admitted to the rehydration unit. The children were 
weighed without clothes on an electronic scale with a 
capacity of 15 kg with a precision level of 5 g. Dehy- 
dration was classified as mild, moderate, or severe, 
according to World Health Organization (WHO) crite- 
ria.l’ In brief, mild dehydration (grade I) was character- 
ized by increased thirst but no signs of dehydration; 
moderate dehydration (grade II) included signs of dehy- 
dration, such as decreased skin turgor; in severe dehy- 
dration (grade III), children showed signs of dehydration 
and a feeble or absent radial pulse. For rehydration, chil- 
dren received a standard WHO/UNICEF oral rehydration 
solution (sodium chloride, 3.5 g; trisodium citrate dihy- 
drate, 2.9 g; potassium chloride, 1.5 g; glucose, 20 g; and 
water, 1 .O L). Patients with grade III dehydration initially 
received rehydration intravenously, according to body 
weight. After this initial rehydration, they were given 
oral rehydration. The patients were reevaluated clinically, 
and fluid balances were calculated at 4, 6, and 8 hours 
after admission. Mothers were trained to give oral rehy- 
dration solution to their children under the supervision 
of research nurses and physicians. Patients were allowed 
plain water on demand. After the rehydration period was 
completed, patients were clinically evaluated, and dis- 
charged when no further signs of dehydration were pre- 
sent. If, according to the physician’s judgment, the patient 
was not clinically prepared to be discharged (dehydra- 
tion estimated to be greater than 5% of body weight, or 
not fully rehydrated within the first 24 hours of therapy), 
the patient was admitted to hospital for more specific 
intervention, namely intravenous rehydration. 
After the initial rehydration period (6 to 8 hours), 
the foods usually given to the child were resumed and 
offered freely. Infants were carefully monitored for the 
presence of food intolerance, especially to cow milk. 
Children with cow milk intolerance were given chicken 
broth formula.13 When the latter formula was not toler- 
ated, a protein hydrolysate-lactose free formula (Preges- 
timil, Mead-Johnson) was offered. Food intolerance was 
defined as worsening of diarrhea associated with weight 
loss and the presence of reducing substances in stools, 
and/or fecal pH less than 6.0.‘~ Duration of diarrhea was 
defined as the time of admission to the time of the first 
formed stool, if followed by two consecutive nonwatery 
stools, or 12 hours without stool. 
Mothers were instructed to bring their child to the 
outpatient clinic for follow-up evaluations for 30 days 
after the child’s discharge at l-, 2-, 7-, 15-, and 30-day 
intervals. The nutritional status was evaluated after fluid 
and electrolyte losses were corrected, according to the 
Gomez’ criteria,15 and the National Center for Health Sta- 
tistics (.NCHS) growth chart. I6 
A control group of children comprised of 40 asymp- 
tomatic children was identified randomly from the well 
baby outpatient clinic of the hospital. Two control chil- 
dren matched for age were selected for every 10 case 
children identitied in the study Controls had to report no 
history of illness in the 30 days prior to the clinic visit. 
Demographic and Socioeconomic Characteristics 
A demographic and socioeconomic survey was con- 
ducted for both cases and controls, and the following 
data were recorded: age, sex, type of feeding, family 
income, housing conditions, water supply, and sewage 
facilities. 
Microbiology 
Stool samples were obtained for culture and examined for 
the following enteropathogenic bacteria: EPEC,” heat- 
stable (ST) and heat-labile (LT) enterotoxigenic E. coli 
strains,“J9 enteroinvasive E. coli strains, Salmonella spp, 
Shigella spp,” Campylobacter ~pp,~l and Yersinia entero- 
colitica. Stools were examined for rotavirus by the immu- 
noenzyme method (Rotazyme),22 as well as for ova and 
parasites by systematic microscopic examination. 
Statistical Methods 
Chi-square and Fisher’s exact tests (2-tailed) were used to 
compare proportions, and Kruskal-Wallis test was used to 
compare nonparametric variables. Odds ratio determi- 
nations were calculated around 95% confidence intervals. 
RESULTS 
Etiologic Investigation 
Enteropathogenic E. coli was isolated in stool cultures of 
84 (42.0%) case children. In 55 (27.5%) it was isolated as 
a single agent and in 29 (14.5%) it was isolated along 
with another enteropathogenic agent (Table 1). From the 
40 control children EPEC was isolated from 9 (22.5%) 
(P < 0.05). The etiologic agents of acute diarrhea among 
other case children are shown in Table 1. After EPEC, 
the most frequent cause of acute diarrhea was rotavirus, 
which was not detected in any of the control children. 
The occurrence of the several EPEC serogroups iden- 
tified in the stools of the children belonging to both 
groups is shown in Table 2. Serogroups 0111, 0142, and 
0119 were statistically more often isolated from cases 
than from control children. Enteropathogenic E. coli 
strains were identified in the stools of the 29 case 
children with a mixed infection. Agents most frequent- 
ly isolated along with EPEC were: rotavirus (n = 5), 
Campylobacter (n = 3), Shigella sonnei (n = l), Shigella 
JZexneri (n = l), Giardia lamblia (n = l), and Enta- 
moeba histolytica (n = 1). 
Nutrition and Socioeconomic Survey 
Evaluation of the nutritional status of the children 
infected with EPEC revealed that 54 (64.3%) were well- 
nourished, 22 (26.2%) had level I protein-calorie 
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Table 1. Enteropathogenic Agents Isolated in the Stools of 200 
Infants with Acute Diarrhea (Cases) and in 
40 Age-Matched Children without Diarrhea (Controls) 
Table 3. Comparison of Environmental Conditions of Children 
with Enteropathogenic E. co/i-Associated 
Gastroenteritis and Children without Diarrhea 
Etiological Agent 
Cases 
n (%j 
Enteropathogenic E co/i 84 (42.0) 
Shigella spp 24 (12.0) 
Campylobacter spp 22 (11 .O) 
Salmonella spp 8 (4.0) 
Enteroinvasive E. co/i 2 (1.0) 
Rotavirus 32 (16.0) 
Entamoeba histolytica 26 (13.0) 
Giardia lamblia 12 (6.0) 
Cryptosporidium 1 (0.5) 
Mixed infections 32 (16.0) 
Controls 
n (%) 
9 (22.5) 
0 
0 
0 
0 
0 
1 (2.5) 
2 (5.0) 
0 
1 (2.5) 
malnutrition (PCM r>, and 8 (9.5%) qualified for PCM II. 
All 40 control children, including those asymptomatically 
carrying EPEC strains, were well-nourished. 
The average family income among the EPEC cases 
was U.S. $203.00 t $336.00/month, which was signifi- 
cantly lower than that for the controls (U.S. $763.00 t 
$385.00/month) (P < 0.05). The comparison of other 
variables, such as housing conditions (i.e., built of brick 
versus wood or clay), water supply (piped versus 
unpiped), and sewage system (present versus absent) 
showed that children with EPEC-associated diarrhea lived 
in more unfavorable conditions compared to the controls 
(Table 3). 
Clinical Features and Follow-Up 
Table 4 shows a comparison of the clinical characteris- 
tics between case children with EPEC as the sole agent 
and case children infected with other etiologic agents. 
The mean age of children with EPEC was 8.3 months 
(l-23 mo); 78.2% of whom were under 12 months of 
age and 45.2% of whom were under 6 months of age. The 
mean age of the other diarrhea cases was similar. The 
mean age of the control children was s.6 months (4-19 
mo). 
Table 2. Enteropathogenic E, co/i Serogroups Identified in the 
Stool of 200 Children with (Cases) and 40 Children 
without (Controls) Acute Diarrhea 
EPEC Serogroups 
0111 25 (12.5) 
0142 18 (9.0) 
0119 10 (5.0) 
055 5 (2.5) 
0158 5 (2.5) 
0125 5 (2.5) 
026 5 (2.5) 
0127 4 (2.0) 
0126 3 (1.5) 
0128 2 (1 .O) 
018 1 (0.5) 
0114 1 (0.5) 
n (%) 
Controls 
n (%) 
0 
2 (5.0) 
0 
0 
1 (2.5) 
1 (2.5) 
1 (2.5) 
1 (2.5) 
3 (7.5) 
0 
0 
0 
P Value 
<O.OOi 
<0.05 
<O.Ol 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
EPEC Group 
n (%) 
Control Group 
n (%) P Value 
Type of House 
Brick 
Wood 
Piped Water 
Yes 
No 
Sewage Facilities 
Yes 
No 
36 (40) 40 (100) <O.OOi 
48 (60) 0 
30 (35) 40 (100) <O.OOi 
54 (65) 0 
34 (40) 40 (100) <O.OOl 
50 (60) 0 
The mean duration of diarrhea at the time of initial 
evaluation was 3.4 ? 1.4 days in the EPEC group and 3.1 
2 1.3 days in the other diarrhea cases. The degree of 
dehydration was classified as follows: diarrhea consid- 
ered mild was observed in 65 (77.4%) of the EPEC cases 
and in 102 (S7.9%) of the other diarrhea cases; moder- 
ate diarrhea occurred in 15 (17.8%) versus 13 (11.2%) 
respectively, and severe diarrhea was observed in 4 (4.8%) 
versus 1 (0.9%) respectively Oral rehydration was uti- 
lized in SO (95.2%) of EPEC patients, which resulted in 
correction of dehydration in 59 (73.7%) whereas in the 
other diarrhea cases, oral rehydration therapy was suc- 
cessful in 104 (89.7%) patients. The main causes of oral 
rehydration failure among the remaining 2 1 (26.3%) EPEC 
patients were persistent vomiting (n = 3) metabolic aci- 
dosis and grade III dehydration (n = 2) hypokalemia (n 
= 3) seizure (n = 2) and recurrent episodes of dehy- 
dration (n = 11). 
Among the 84 patients with EPEC, 74 (88.1%) com- 
pleted the 4-week follow-up evaluation, 8 (9.5%) were 
lost to follow-up, and 2 (2.4%) died from sepsis, after 1 
and 5 days of hospitalization, respectively. Twenty-six 
(34.2%) patients were admitted to hospital, and the mean 
duration of hospitalization was 5.9 f 3.5 days (range, 
1 - 12 d). The main extra-intestinal complications included 
metabolic acidosis (n = 6), pneumonia (n = 3) seizures 
(n = 2) and sepsis (n = 2). 
Food intolerance was the major gastrointestinal com- 
plication and also the most important cause of persis- 
tence of diarrhea. Cow milk intolerance occurred in 23 
of 74 (3 1.1%) and both cow milk and chicken formula 
intolerance was detected in 4 of 74 (5.4%). These four 
patients tolerated the protein hydrolysate-lactose free for- 
mula (see Table 4). 
The mean duration of diarrhea among children with 
EPEC was 11.7 days (median, 9.0; range, 2-40 d). Diar- 
rhea lasted less than 2 weeks in 53 of 74 (71.6%) patients; 
whereas, in the remaining 21 (28.4%) patients whose 
diarrhea lasted more than 2 weeks, it was always associ- 
ated with food intolerance. 
Table 4 shows that children with EPEC diarrhea com- 
NS = not significant. pared to children with other causes of diarrhea were 
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Table 4. Comparison of Clinical Features of Acute Diarrhea Caused by Enteropathogenic E. co/i and Other Pathogens 
EPEC Others 
(n = 84) (n = 116) 
Mean age (mo) a.3 8.4 
Mean duration of 
diarrhea (d) 3.4 3.1 
Dehydration 
Grade I 65 (77.4%) 102 (87.9%) 
Grade II 15 (17.8%) 13 (11.2%) 
Grade III 4 (4.8%) 1 (0.9%) 
ORT Failure 21* (26.3%) 12 (10.3%) 
Hospitalization 26+ (34.2%) 13 (11.2%) 
Mean duration of 
hospitalization 5.9 5.8 
Cow milk 
intolerance 23* (31.1%) 10” (9.8%) 
Mean duration 
of disease (d) 11.7 7.1 
Persistent 
diarrhea 21* (28.4%) 7” (6.9%) 
ORT = oral rehydration therapy. 
*Number of patients in the EPEC group that received ORT = 80. 
iNumber of patients in the EPEC group available for calculation = 76. 
*Number of patients in the EPEC group who completed the follow-up evaluation = 74. 
§Number of patients in the other diarrhea group who completed the follow-up evaluation = 102. 
P Value 
NS 
NS 
NS 
NS 
NS 
<O.Ol 
<O.Ol 
NS 
<O.OOi 
<0.05 
<O.Ol 
Odds Ratio 
(95% cl) 
3.08, 1.33-7.22 
4.12, 1.84-9.32 
4.15, 1.72-I 0.21 
5.38, 2.00-15.00 
more than twice as likely to fail oral rehydration therapy 
(ORT) (P < 0.01) three times as likely to be hospitalized 
(P < 0.01) more than three times as likely to develop 
cow milk intolerance, and four times more likely to 
develop persistent diarrhea (P < 0.01). Diarrhea from 
EPEC lasted significantly longer than that from other 
causes (see Table 4). 
Serogroups 0119 and 0142 also were significantly more 
often isolated from cases than from controls. Although 
the isolation of serogroups 018, 055, 0114, and 0128 
showed no statistical difference between cases and con- 
trols, this is probably because of the small number of 
cases in which those strains were isolated. In the pre- 
sent study, these serogroups were not identified in the 
controls, suggesting that they indeed are pathogenic. 
DISCUSSION 
Enteropathogenic E. coli infections are unusual in most 
industrialized countries, but they are a major cause of 
infantile diarrhea in developing countries.lJ In Sao Paulo, 
Brazil, EPEC strains are the major enteropathogenic agents 
in infants under 1 year of age with the highest preva- 
lence occurring in those under 6 months of age.23 In the 
authors’ own experience in the last 6 years, with 519 
children under 2 years of age with acute diarrhea severe 
enough to require hospitalization for intravenous rehy- 
dration, an EPEC serogroup was isolated in the stool cul- 
ture of 3 1 .2%.24 Among the EPEC serogroups, 0111 was 
by far the most frequently found agent, occurring in up 
to 80% of the cases.24 Similarly, during the same period, 
among 176 infants with persistent diarrhea (diarrhea last- 
ing for more than 14 days) and malnutrition, admitted 
for nutritional management, EPEC was again the most 
frequently isolated agent, occurring in 22.3%.25 
This and the above-mentioned studies suggest that 
EPEC infections are more commonly associated with seri- 
ous acute diarrhea1 manifestations than those attribut- 
able to other enteropathogenic agents. In contrast to 
what is generally believed about EPEC diarrhea, the organ- 
ism can induce a copious secretory diarrhea severe 
enough to require intravenous hydration. In this study, the 
failure of ORT occurred in 26.3% of the children in con- 
trast to 10.3% in the other cases of diarrhea. Other field 
studies that utilized similar fluid and electrolyte replace- 
ment techniques report failure rates of 5 to lo%, which 
are similar the rate observed in this study among non- 
EPEC diarrhea cases.26s27 The high frequency of ORT fail- 
ure and other complications observed in EPEC diarrhea 
may be related to the mechanism of pathogenic action of 
the organism associated with dissolution of the intestinal 
microvilli. Enteropathogenic E. coZi infections can lead 
to malabsorption of the glucose component of oral rehy- 
dration so1utions.28 
In the present study, designed to determine the eti- In general, less than 10% of acute episodes of diar- 
ology of acute diarrhea in Brasilia, Brazil, EPEC also was rhea in children under 5 years of age require hospital- 
the most frequently isolated bacterial enteropathogenic ization; however, EPEC gastroenteritis is associated with 
agent identified in the stools of infants under 2 years of a higher rate of hospitalization, reaching 34% of the cases 
age (42% of 200 children studied). Among the EPEC in this study. These results indicate that EPEC organisms 
strains, the serogroup 0111 was the most common; it are relatively more virulent than most of the other known 
was recovered in 25 (12.5%) of these patients and in enteropathogenic agents. The higher rates of hospital- 
none of the 40 control group children matched for age. ization observed in the EPEC group indicate that gas- 
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troenteritis caused by EPEC strains usually presents a 
more severe illness, requiring rigorous medical attention. 
In this study, the 4-week follow-up evaluation 
revealed additional information concerning the natural 
history of EPEC gastroenteritis. Persistence of diarrhea 
was more frequently verified in the EPEC group than in 
the other diarrhea cases (28.4% vs. 6.9%). This observa- 
tion may be related to food intolerance. Cow milk intol- 
erance, probably attributable to the lactose component 
of the milk, was detected in 31% of the patients. Care 
should be taken when resuming food in young infants 
with gastroenteritis caused by EPEC. Although WHO rec- 
ommends diluted cow’s milk as a first choice for refeed- 
ing non-breast-fed infants who have acute diarrhea,29 this 
nutritional supplement may be harmful and may lead to 
persistence of diarrhea and malnutrition among children 
recovering from EPEC diarrhea. Indeed, Lifshitz and Mag- 
gioni advocate an alternative dietary treatment, such as 
specifically designed lactose-free formula, at the onset of 
gastroenteritis in high-risk infants with severe diarrhea, 
especially those who are malnourished, born of short- 
ened gestational age, or infected with E. coZi.30 
In conclusion, EPEC gastroenteritis, especially that 
associated with serogroups 0111, 0119, and 0142 should 
be considered a potentially life-threatening disease. This 
type of infection can produce high amounts of fluid loss, 
high frequency failure of ORT, and perpetuation of diar- 
rhea associated with food intolerance in young infants in 
low-income populations in developing countries. 
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